November 1993. This scenario is consistent with some features of the delayed action oscillator mechanism, where an upwelling Kelvin wave is systematically seen returning from the western boundary to the east at the end of warm events. However, here, contrary to the delayed action oscillator, most of this returning Kelvin wave seems to be forced by a strong easterly anomaly located in the western Pacific, rather than by reflection of an upwelling first Rossby wave at the western boundary.
Introduction
Since its beginning in 1985, the Tropical Ocean and Global Atmosphere (TOGA) program has made remarkable strides toward its ultimate scientific objective: to predict the variability of the coupled ocean-atmosphere system on timescales of months to years. Indeed, recent ocean-atmosphere coupled . With these data sets at hand, we are investigating in this paper some aspects of the delayed action oscilator. These data, together with TOGA-TAO-derived wind stresses [Menkes et al., 1995] , provide the basin-wide data sets which are used here to study propagations of long equatorial waves and their possible reflections at both boundaries of the Pacific Ocean. Description of the data is briefly presented in section 2. An original sea level decomposition method is developed in order to investigate long-wave propagations throughout the Pacific Ocean and possible reflections at the western boundary without any a priori assumption of wave propagation or reflection. In section 3 we describe the methodology used to project sea level/dynamic height and wind forcing anomalies onto long equatorial waves. In section 4, Kelvin and first, second, and third meridional Rossby mode propagations are documented at theoretical phase speeds. Reflections are then examined at both boundaries, and it is shown that wind forcing, rather than reflection, is the main trigger of Rossby waves (in the eastern Pacific) and of Kelvin waves (in the western Pacific). Consistent with some features of the delayed action oscillator mechanism described by Mantua and Battisti [1994] , an upwelling Kelvin wave propagates to the eastern Pacific when the 1992-1993 ENSO weakens and may play a role in its termination. However, this Kelvin wave is observed to be forced by easterly wind anomalies located in the western Pacific, rather than by Rossby wave reflection at the western boundary. In section 5 we make conclusions about the influence of long equatorial wave dynamics in the Pacific Ocean during the TOPEX/ POSEIDON mission, about the strength of TOPEX/POSEI-DON, and about the success of the TOGA-TAO array in providing observations critical to the understanding of the Pacific ocean-atmosphere variability.
Data
This analysis relies upon data from the TOPEX altimeter (sea level and derived geostrophic zonal current) and from the TOGA-TAO network such as dynamic height, derived geostrophic zonal current, sea surface temperature, and wind stress. 
Decomposition Methods
In order to study long equatorial wave propagations throughout the Pacific Ocean as well as the influence of wind stress forcing, two methods are developed to project oceanic and atmospheric fields onto equatorial wave meridional structures. These methods are described and validated in Appendix A. In the following section, results of the validation are summarized, and only Kelvin and first to third meridional Rossby wave coefficients are studied.
Sea Level Projection
To project TOPEX sea level anomalies (TSLA) and TOGA-TAO dynamic height anomalies (TDHA), our method, contrary to Girl's [1983] (Figure 2c ). Since the equatorial wave motions that are thought to be important for ENSO are mainly confined in the 5øS-5øN belt [Battisti, 1989; Kessler, 1991] , we may confidently restrict our attention to the Kelvin and first to third meridional Rossby modes only.
In conclusion, the method for projecting TOPEX sea level and TOGA-TAO dynamic height is found to be reliable for determining long equatorial waves throughout the Pacific basin. We demonstrated that projecting the oceanic signal onto meridional structures is more than a mathematical tool, as it has shown that the equatorial ocean variability does indeed exhibit individually propagating Kelvin and first to third Rossby waves at theoretical speeds (see also section 4). Moreover, those four waves explain most of the oceanic variance found in sea level during the first months of the TOPEX/ POSEIDON mission.
Wind-Forcing Projection
Our decomposition method (section A3) allows us to calculate Kelvin and first to third Rossby wind forcing coefficients from TOGA-TAO data. However, in regions where meridional boundaries are close to the equator, amplitude and phase of second and third Rossby coefficients are not well captured.
As seen in section A3, Kelvin and first Rossby wave forcing coefficients are well determined by single value decomposition (SVD) for the whole basin. As in the previous paragraph, second and third Rossby modes are not totally captured, especially in the western Pacific. Standard deviation of the initial zonal wind stress field and the variance explained by Kelvin and first to third Rossby mode forcings are displayed in Figures  2b and 2d , respectively. The maximum in explained variance is located near 140øW, where the standard deviation is maximum. In the rest of the basin, Kelvin and Rossby forcings explain 90% of the total variance only in a narrow band around the equator. Poleward of 2øN-2øS, the variance explained by these modes decreases rapidly to reach less than 30% at 5øN and 5øS. These low values are somewhat expected, as the strongest variability in TOGA-TAO zonal wind stress is found northward of 5øN. Since zonal wind stress is expanded into a sum ofzonal current wave structures (R2(y); see Appendix A for notations) which have amplitudes that decrease poleward, offequatorial strong maxima cannot be reproduced by the gravest equatorial structures which have maxima close to the equator.
In conclusion, it is seen that phase and amplitude of windforcing coefficients of Kelvin and first Rossby modes are reasonably determined throughout the equatorial Pacific basin. The November 1992 to December 1993 period is first examined through space-time variations of SST (Figure 3a) , SST anomalies (SSTA) (Figure 3b ), zonal wind stress (ZWS) (Figure 3c) , zonal wind stress anomalies (ZWSA) (Figure 3d) , TDHA along the equator (Figure 3e ), TDHA along 4øN (Figure 3f) , and TOPEX-derived geostrophic zonal current anom- Figures 6c and 7c) .
Before describing the variability of both coefficients, we define our notations as follows: given the R2 meridional structure for sea level ( Figure Alb) , a positive R2 coefficient results in a positive sea level anomaly north of the equator. Such a positive R2 coefficient will therefore be referred to as downwelling (corresponding to a westward current in this hemisphere and an eastward current in the southern hemisphere as seen in Figure Ala) . On the other hand, a positive R3 coefficient results in a negative sea level anomaly at the equator (the R3 structure for sea level is negative at the equator) and in a positive sea level anomaly outside 5øS-5øN. The associated currents are eastward at the equator and westward around 4øN 8øS, 5øS, 2øS, 0 ø, 2øN, 5øN, 8øN ) cannot apprehend the finer meridional variability of the R3 sea level structure. This is unlikely to change with any interpolation process.
On the contrary, TOPEX data coverage allows us to depict R3 sea level structure and to evidence R3 propagation throughout the equatorial Pacific. Thus, in December 1992 to January 1993, three R3 waves were generated as follows: a downwelling near the date line (negative coefficients), an upwelling signal near 160øW, and a downwelling one in the eastern Pacific which reached the western boundary in OctoberNovember 1993 (Figures 7a-7c) . Two upwelling R3 waves were observed prior to and after the strong upwelling R3 wave, one from the date line in March 1993 to 160øE in July and the other from 160øW in July to 160øE in November. Other upwelling anomalies also seemed to propagate in July-August 1993 from 110øW to 130øW and in September-December 1993 from 140øW to 160øW.
These results confirm that long oceanic equatorial waves, at least from Kelvin and first to third (to second) Rossby modes, can be discerned individually in the TOPEX (in the TOGA-TAO) data. Whether there are long-wave reflections at both boundaries is now examined.
Long-wave Reflections
Kelvin wave reflections into symmetric Rossby waves at the eastern boundary are first studied, followed by reflections of long Rossby waves at the western boundary of the Pacific ocean. Given that the eastern boundary is roughly located 80 ø , at the equator the propagation delay for a Kelvin wave to propagate from 90øW to the boundary, to reflect as an R1 wave (R3 wave), and to come back at 90øW is around 15 days (1 month). Therefore, if first and third Rossby waves were generated by a Kelvin wave reflecting at the eastern boundary, these delays should be observed when comparing signals at 90øW in Figure  8 (left and middle) for an R1 wave and in Figure 9 (left and middle) for an R3 wave. In Figure 8 it is generally not the case, except in November-December 1992 and in May 1993. In November-December 1992 a strong upwelling Kelvin signal was impinging at the eastern boundary and a coherent upwelling first Rossby wave ampitude was then observed near 90øW. As seen in Figure 5c , the Rossby forcing at this time that was downwelling favorable then acted against the potential reflection. Later in May 1993, strong downwelling Kelvin waves generated by the weakening of the trade winds seemed to reflect and to further contribute to the propagating downwelling first Rossby wave. Evidently, during most of the period, observed propagating first Rossby waves were coherent with forcing in the eastern Pacific (Figure 5c ). This leads to the conclusion that whether the wind forcing near the eastern boundary was favorable to reflection or not, it seemed to be the main force that generated outgoing upwelling or downwelling Figure 10a (and for TOGA-TAO in Figure 10b ). The real Kelvin wave signal and artificial Kelvin wave signal are plotted for TOPEX in Figure 10c and TOGA-TAO in Figure 10d . 
Eastern boundary reflections. As shown in

Conclusions
With the full deployment of the TOGA-TAO array and the remotely sensed observations from the TOPEX/POSEIDON mission, we now possess two independent sources of highquality observations with which to study the equatorial Pacific ocean during the second 1992-1993 E1 Nifio. The quality of both data sets allows one to assess their effective and respective capability for monitoring, in real time, the Pacific Ocean variability during E1 Nifio and to determine to what extent our understanding of E1 Nifio, such as the so-called delayed action oscillator, are compatible with phenomena observed in the real ocean by remotely sensed and in situ measurements.
To evaluate potential western boundary reflection of long equatorial waves, one has to evaluate long equatorial wave amplitudes in the western Pacific. However, decomposition methods previously applied to observed data [Delcroix et al. Since we may look at the real equatorial Pacific variability in terms of individually propagating waves, we gain confidence in theoretical models and theories of ENSO based on equatorial wave theory such as the delayed action oscillator [Battisti, 1988] . This theoretical mechanism involves Kelvin and first to third Rossby wave propagations and their reflections at the western boundary. During the second warming of the 1991-1993 E1 Nifio, in TOPEX and TOGA-TAO data sets, Kelvin and first Rossby waves are seen to play a significant role in equatorial ocean dynamics. As second and third Rossby modes were also observed propagating at theoretical phase speeds, further investigations of long equatorial waves in the Pacific Ocean will have to examine the role played by those waves (e.g., in a theoretical study, Mannich et al. [1991] showed that ENSO-like aperiodic oscillations occur in their nonlinear analytical coupled model when introducing at least two Rossby modes). Furthermore, in our study, reflection at both boundaries was examined in the TOPEX and TOGA-TAO observations from November 1992 to December 1993. At the eastern boundary, two third meridional mode Rossby waves seemed to be partly generated by Kelvin wave reflection, but first meridional mode Rossby waves seemed to be always generated by local eastern Pacific wind forcing, rather than by reflection of remotely forced Kelvin waves. Moreover, those wind forcings usually counteract reflection of incoming Kelvin waves by generating Rossby waves of the opposite sign. To investigate any potential reflection at the western boundary, we artificially constructed a reflected-like Kelvin wave by making the hypothesis that all incoming observed Rossby waves at 165øE did propagate freely to the western boundary and totally reflect into Kelvin waves at 130øE. We then compared this artificially constructed Kelvin wave, as it returned freely at 165øE, with the real observed Kelvin wave at 165øE. We found no clear agreement between the artificial signal created by the reflection and the observed signal at 165øE. Coherence between the averaged Kelvin forcing (140øE -165øE) and both TOPEX and TOGA-TAO oceanic Kelvin wave signals at 165øE strongly suggests that wind forcing in the west Pacific, rather than reflections at the western boundary, is the main trigger of Kelvin waves in the western Pacific. This result for the second 1992-1993 E1 Nifio event, together with the lack of inphase relationship between Kelvin coefficients and first Rossby coefficients near 140øE (Figure 5a It can be seen in Figure 1 that occur at boundaries in terms of the inphase relationship, rather than in terms of amplitude coherence, as our method allows us to depict more accurately the phase, rather than the amplitude, of long waves near the western boundary.
A3. Wind-Forcing Projection
In order to determine how wind forcing contributes to wave generation and/or wave dispersion, we projected the wind forcing onto long equatorial waves as well. In the long-wave approximation, only the zonal wind stress matters for calculating the wave forcing. Using previous notations, the forcing vector of (A1) can be written as a two-component vector (A7) and expanded into the same meridional structures as before. TOGA-TAO array. In the following step we will focus on the validation of the method near the western boundary. In the second step the Kelvin forcing is calculated by (A9) from 140øE to 90øW and is substracted from the forcing vector to calculate a Rossby forcing vector. As decomposition accuracy is not dependent on data (NMC or TOGA-TAO winds) but may be affected by a short meridional extension, TOGA-TAO data from 160øE to 100øW are successively artificially bounded to the western southern boundaries (2øS, 3.5øS, and 4øS). In each case, decompositions are performed for different threshold values, and first to third Rossby coefficients are compared to the coefficients calculated in the unbounded case (8øN-8øS for TOGA-TAO data). In the three cases the threshold value is found equal to 0. 
